
Micro-detection system for determination of the biotic

or abiotic origin of amino acids

NASA Grant Number: NAG5-4938

Ph Jeffrey L. Bada

Final Project Summary

Sublimation (Bada, (;lavin, SIO, UCSD): A description of the sublimation based

extraction of amino acids from natural samples was published in August 1998 in

Analytical Chemistry . Sublimation by itself requires no wet chemical reagents and

eliminates the need for cation-exchange chromatography to isolate amino acids. The

sublimation-based proczss provides an efficient way for isolating amino acids from

natural samples without altering their original enantiomeric composition (ratio of D- to L-

enantiomers). The sublimation-based isolation of amino acids could be especially useful

in spacecraft instrumentation, where the use of corrosive liquid reagents required in

traditional methods would be impractical. Future in situ amino acid analyses on solar

system bodies such as Mars, Europa. asteroids and comets could use sublimation for

amino acid isolation.

Further work w th the sublimation process has demonstrated that besides amino

acids, the nucleobases of DNA and RNA (adenine, cytosine, guanine, thymine and uracil)

also readily sublime under reduced pressure at elevated temperatures. In addition, we

found that the nuclebasc s could be sublimed directly from intact DNA, thus allowing the

detection for the preseme of genetic material in a sample. Thus, sublimation can be used

to directly isolate both protein and genetic components from natural samples.

Integrated Microchemical Analysis System (Frank Grunthaner and Paula

Grunthaner, JPL): In order to supplement the sublimation release of amino acids, we

have also developed a &:sign for an integrated wet chemical analyzer using microchip CE

for detection. In this design, after the sample is obtained, it is placed in a crucible and

sealed from the ambient Liquid water is then added ,and the sample is extracted at 145°C

for approximately 5 to _' minutes. A portion of this water extract is transferred directly to

the CE system for analysis of free amino acids, while the remainder is evaporated to

dryness. This residue i_ hydrolyzed in HCI at elevated temperatures for a few minutes.
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Theacid is removedby evaporationandthe samplethen transferredinto a microfluidics

processingcell for desalting,labelingand concentrating.Finally. the sample is injected
into the microfabricatecCE system(seebelow) for separationof aminoacidswhich are

detectedusingUV fluor,:scence.

CE experiments (Mathies, Hutt, UCB): The overall purpose of this project is the

development of a bench top, microfabricated device capable of amino acid composition

analysis and quantitative determination of their enantiomeric ratios. Our initial efforts

focused on experimenti ag with all of the parameters which affect chiral separations of

amino acids in microfabricated capillary electrophoresis (CE) channels. Such parameters

include the magnitude ?f the applied electric field across the separation channel, the

temperature at which the runs were conducted, and the length and geometry of the

channels. With respect to the composition of the run buffer, all of the following variables

were explored: type and concentration of cyclodextrin (the chiral discriminator molecule),

buffer pH, and addition _f sodium dodecyl sulfate (SI)S) micelles.

The test system ased consisted of a twice-folded, 19.0 cm long, 50 mm by 20 mm

channel that was phot,)lithographically fabricated in a 4" diameter glass wafer. A

standard containing D/L Ala, D/L Asp, D/L Glu, D/L Ser, D/L Val, a-aminoiosbutyric acid

(AIB), and Gly was der vatized with fluorescein isothiocyanate (FITC) overnight and run

at an approximate concentration of 100 nM. Detection of the labeled amino acids was by

laser excited (488 nm) (onfocal fluorescence that provides attomole sensitivity. Using a

12 mM SDS, 5 mM g-.:yclodextrin, l0 mM carbonate, pH 10.0 buffer and a separation

voltage of 550 V/cm at 10°C, baseline resolution of the amino acids along with some of

the D/L pairs was achei,,ed.

To further test our microchip CE device, an amino acid extract taken from the

outside of the Murchi'.;on meteorite was derivatized with FITC and and analyzed.

Enantiomeric ratios for ksp and Glu were determined by

comparing the relative _eak areas and correcting them with the appropriate calibration

curves. The resulting D.% values were in close agreement with those obtained at SIO by

the HPLC based methocl. A manuscript describing these results has been submitted for

publication in Analytical Chemistry.

Publications:

Bada, J. L., "What compounds do we look for in Martian (SNC) meteorites for evidence

of abiotic and/or biotic chemistry on Mars?" Amer. Chem. Soc. National



Meeting, April, 1997. Amer. Chem. Soc. Abst. of Papers, 213 GEOC, 242

(1997).

Bada, J. L., Becker, L. _nd McDonald, G. D., "What compounds do we search for in

extraterrestrial samples for evidence of abiotic and/or biotic chemistry", SPIE

meeting, San Diego, CA, July, 1997.

Glavin, D. P. and Bada, J. L., "The isolation of amino acids from natural samples using

sublimation", A_,alytical Chemistry, 70, 3119-3122 (1998).

Glavin, D. P. and Bada, J. L., "Isolation of amino acids, purines an pyrimidines from

natural samples _sing sublimation" Amer. Chem. Soc. National Meeting, March,

1999. Amer. Chem. Soc. Abst. of Papers, 217 ANYL, 053 (1999).

Hutt, L. D., Mathies, R. A., Grunthaner, F. and Bada, J. L., "Microfabricated capillary

eletrophoresis chips for in situ analyses on Mars" Amer. Chem. Soc. National

Meeting, March 1999. Amer. Chem. Soc. Abst. of Papers, 217 GEOC, 072

(1999).

Hutt, L. D., Glavin, D. ?., Bada, J. L. and Mathies, R. A., "Microfabricated capillary

electrophoresis _mino acid chirality analyzer t'or extraterrestrial exploration"

Analytical Chemistry, submitted.



Form Approved

REPORT DOCUMENTATION PAGE OU8 No 0704-0788
=ublic reporting burden for this collection of informalicn is estimated to average one hour per response, including the time for reviewing instructions, searching existing data sources,

_athering and maintaining the data needed, and com_:eting and reviewing the collection el information Send comments regarding this burden eshrnate or any other aspect el this

._ollection of inlormation, including suggestions for redJcing the burden to Washington Headquarters Services Directorate for Inlormtion Operations and Reports, 1215 Jefferson

Davis Highway, Suite 1204, Arlington, VA 22202-4302 and to the Office of Management and Budget Paperwork Reduction Project (0704-0188) Washington, DC 20503

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORTDATE(DD-MM-YYYY) 2. REPORTTYPE

1 -May-02 Final
4. TITLE AND SUBTITLE

6, AUTHOR(S)

Micro-Detection System for Determination of the

Biotic or Abiotic Orig n of Amino Acids

Jeffrey L. Bada

3. DATES COVERED (FROM - TO)

06/01/97-05/31/01

5a. CONTRACT NUMBER

5b. GRANT NUMBER

NAG5-4938
5<:. PROGRAM ELEMENT NUMBER

5d. PROJECT NUMBER

5e. TASK NUMBER

5F. WORK UNIT NUMBER

8. PERFORMING ORGANIZATION

REPORT NUMBER

Z. PERFORMING ORGANIZATION NAMES(S) AI'tD ADDRESS(ES)

The Regents of the University of California

Scripps Institution of Oceanography

La Jolla, CA 92093-0210

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)

Office of Naval Research

Attn: Closeout Unit

4520 Executive Driw:, Suite 300

San Die_lo, CA 92121-3019
12. DISTRIBUTION AVAILABILITY STATEMENT

97-1103R1

10. SPONSOR/MONITOR'S ACRONYM(S)

It. SPONSORING/MONITORING

AGENCYREPORTNUMBER

Approved for Public F{elease; Distribution is unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

The research carried out under this PIDDP grant involved the development of a breadboard version

of a spacecraft base:l system for the detection of amino acid chirality (handedness) on solar system

bodies. The design ,;oncept has three distinct components: a sublimation chamber for the release

of amino acids from an acquired sample; a microchip based capillary electrophoresis (CE) chip for

the separation of am no acids and their enantiomers; and a fluorescent based detection system. In

addition, we have investigated the use of a microfluidics system for the extraction of amino acids

in samples in which ,';ublimation has proven to be problematic. This is a joint project carried out

at the Scripps Institution of Oceanography (SIO), University of California at San Diego; the Jet

Propulsion Laboratou/ (JPL), Pasadena; and the Department of Chemistry, University of California,

Berkeley.

15. SUBJECT TERMS

amino acid chirality, ,-apillary electrophoresis, biosignatures

16. SECURITY CLASSIFICATION OF:

a, REPORT b. ABSTRACT c. THIS PAGE

Unrestricted Unrestricted Unrestricted

17. LIMITATION OF

ABSTRACT

None

18. NUMBER

OF PAGES

tg_l. NAME OF RESPONSIBLE PERSON

Jeffrey L. Bada

t9b. TELEPHONE NUMBER (Include area code)

(856) 534-4258
Standard Form 298 (Rev. 8-98)

P_nN by ANSI-SId Z3S-lg


